Abstract To describe our Ilizarov technique for the treatment of acquired equinus deformity in children and to determine if compliance with continuous use of an ankle foot orthosis (after removal of the fixator and until skeletal maturity) can influence the severity of recurrence. A cohort of 26 children with post-traumatic or post-burn contractures producing an equinus deformity was followed up for a minimum of 2 years after skeletal maturity. Cases with a bony deformity and/or nerve injury were excluded from this study. All patients were managed by a percutaneous tendo-Achilles lengthening followed by application of an Ilizarov external fixator. Post-operative treatment was in the form of gradual correction at a rate of 0.5 mm per day. Correction started from the second postoperative day until an over-correction of 15 degrees dorsiflexion was achieved. Ankle range of movement was encouraged 4 weeks prior to removal of the external fixator. On removal of the fixator, a posterior splint was applied until substituted by an ankle foot orthoses (AFO). The AFO was used continuously during the first 2-3 months and at nighttime thereafter until skeletal maturity. Fifteen children were compliant with the use of the AFO until skeletal maturity and 11 non-compliant. We compared the recurrence and the size of deformity between the two groups. The rate of recurrence, degree of equinus at recurrence and number of episodes of external fixation surgery showed statistical significant differences (P \ 0.01) between the groups. The Ilizarov technique for treatment of acquired equinus deformity secondary to soft tissue scarring is a safe and effective technique. The use of an AFO until skeletal maturity can decrease the risk and degree of recurrence.
Introduction
In children, an acquired equinus deformity can affect the ankle or forefoot (plantaris) and is due to many etiologies. This includes post-traumatic and post-burn soft tissue scarring, neurological conditions as cerebral palsy and poliomyelitis, muscle scarring after compartment syndrome, prolonged immobilization in plantarflexion, as a complication of limb lengthening and other etiologies [1] .
Prevention is achieved through avoiding the predisposing factors, physical therapy and splinting. In cases with established equinus, treatment includes physical therapy, manipulation and casting in mild cases [2, 3] . In severe cases, this may need a soft tissue release by tendo-Achilles lengthening, with or without a posterior ankle capsulotomy, and lengthening of other contracted soft tissues including the skin by microsurgical soft tissue transfer [4, 5] . Distraction histogenesis using the Ilizarov technique is another safe and effective line of treatment for such complex problem [6] .
In the treatment of an acquired equinus deformity in children, the main complication encountered with all the previously cited techniques is a high risk of recurrence [6] [7] [8] . This may be due to what some authors call 'soft tissue memory'. Another cause may be the discrepancy between the rate of growth of the bone and the contracted soft tissues [6, 9] . In order to avoid or decrease the problem of recurrence, some authors recommended bony fusion when it is feasible and the child is of an appropriate age while others recommended continuous splinting until skeletal maturity [10] .
In this study, we present our surgical technique in the treatment of acquired equinus in children, without associated neurological deficit, using distraction histogenesis through external fixation. The aim of the study is to determine if compliance with an AFO after removal of external fixation can prevent the degree of recurrence.
Materials and methods
Fifty-six cases with equinus deformity in skeletally immature patients were referred for treatment by the Ilizarov technique between the year 2000 and 2004. Twenty-six were post-traumatic or post-burn contractures with a minimum follow-up of 2 years after skeletal maturity. The inclusion criteria included soft tissue contractures without associated bone deformity or nerve injury (Fig. 1) . Exclusion criteria were skeletally mature patients at first presentation, polio and cerebral palsy patients, associated bone deformity or joint destruction, epiphyseal injuries causing deformity and open or infected wounds. Initial assessment included a history and physical examination together with plain radiographs of both ankles and feet to exclude associated bone deformity [1, 11] .
Technique
Surgical management under general anesthesia was a percutaneous tendo-Achilles lengthening followed by application of an Ilizarov external fixator. The frame was composed of two rings attached to the tibia and a 5/8 ring attached to the hind foot and another attached to the forefoot. The frame used to correct the ankle equinus was unconstrained; no hinges were applied at the axis of rotation of the ankle joint and correction axis was determined by the ankle joint itself. Correction forces were in the form of two distraction rods posterior to the axis of the ankle joint and two compression rods anterior to the axis of the ankle. The use of two rods instead of one was to correct associated varus or valgus by a differential rate of distraction between the rods. The use of posterior distraction rods instead of only anterior compression ones was to avoid compressive forces on the ankle joint cartilage and the distal tibial physis. Another distraction rod was placed between the hind foot and forefoot 5/8 rings on the medial side to correct associated cavus that develops during correction. Kirschner-wire transfixation of the big toe interphalangeal and metatarso-phalangeal joints was performed to avoid joint subluxation or dislocation during equinus correction.
Post-operative treatment was in the form of gradual correction at a rate of 0.5 mm per day. The correction started from the second post-operative day until a position of overcorrection of 15 degrees dorsiflexion at the ankle was achieved (Fig. 2) . Thereafter the external fixator was kept in situ for twice the period that was needed to achieve the correction. At 4 weeks prior to removal of external fixation, ankle range of movement exercises was prescribed by temporary removal of the distraction and compression rods for 1-2 h daily, under supervision of a physical therapist or Fig. 1 during treatment by Ilizarov external fixation and gradual distraction histogenesis and associated pinning of the big toe and first metatarso-phalangeal joint the family, with regular manipulations of the ankle and toe joints simultaneously. Removal of external fixation was done without anesthesia and measurement for an ankle foot orthosis (AFO) performed immediately. A posterior splint was applied until the AFO was manufactured and fitted.
The AFO is used for 24 h every day during the first 2-3 months and then at nighttime until skeletal maturity. The use of the AFO was discontinued when the patient reached skeletal maturity. Not all patients were compliant with the instruction to use the AFO due to social factors. Of the 26 patients, 15 were compliant with the use of the AFO until skeletal maturity and 11 were non-compliant. We compare the risk of recurrence and the degree of recurrence between both groups of patients.
Statistical analysis
Comparisons between ankle splinting using the AFO for a short period after removal of Ilizarov external fixation and continuous use of the AFO until skeletal maturity were done using Mann-Whitney U test for continuous variables and Fisher's Exact test for categorical variables.
Data entry and statistical analysis were done using statistical package for social science (SPSS) version 12.0. Level of significance was set at a P value B 0.05.
Results
Of the 26 patients included in our study, there were 9 (34.6%) females and 17 (65.4%) males. The mean age at injury (trauma or burns) was 7.6 ± 2 years (range 4-11). The pre-operative equinus deformity ranged from 50 to 70 degrees with mean of 60.4 degrees.
Four (15.4%) patients had bilateral equinus. Of the remaining 21 patients, 9 (34.6%) had equinus of the right ankle and 13 (50%) on the left side. In 5 (19.2%) patients, both equinus and knee flexion deformities were present. The causes of equinus deformities were burn contractures (46.2%) and soft tissue loss after motor vehicle accidents (53.8%).
The mean age at surgery was 10.9 ± 1.3 years (range 8-13). The mean time in the fixator was 8.2 ± 1.4 months (range 6-11). All patients had their deformities fully corrected. The follow-up duration ranged from 3 to 7 years with mean of 5.5 years (SD 1.2) . At the final follow-up, 5 (19.2%) patients required another episode of treatment by external fixation for recurrence of the equinus (all were from the group of AFO non-compliant patients).
Eighteen patients (69.2%) had recurrent equinus and only 8 (30.8%) had no relapse. The severity of recurrent deformity varied widely and ranged from 5 to 40 degrees.
Comparisons of the two groups with regard to age at injury in years, age at fixation in years, sex, side of equinus, deformity type, cause of equinus, size of pre-operative deformity, time in fixator in months and follow-up duration were not significant different statistically. In contrast, presence of a recurrence, time to recurrence in months, degree of equinus at recurrence and number of treatments by external fixation were statistically different (P \ 0.01) with the exception for time to recurrence (Table 1) (Fig. 3) . 
Discussion
The Ilizarov technique in the management of equinus from soft tissue scarring is effective and safe. Other techniques of soft tissue release need an extensile approach that is associated with high risk of wound complications due to the poor vascularity of the skin and foot [12] . A major problem encountered with such techniques is the recurrence of deformity. The rate of recurrence after correction of equinus deformity in children using the Ilizarov technique ranges from 34 to 76% [6] [7] [8] [9] 12] . Some studies recommended bony fusion as early as possible in the management of such cases to avoid recurrence [10] but early ankle fusion is associated with a risk of limb length discrepancy or deformity if the distal tibial physis is injured, a loss of ankle movement and abnormal stresses on the growing limb [9, 10] . Carmichael et al. [6] reviewed 23 cases of post-burn ankle equinus treated by the Ilizarov technique of gradual distraction histogenesis. A full correction was achieved in all patients but the recurrence rate was 74% (17/23). The average degree of ankle equinus 34 degrees (34 degrees of plantarflexion) before surgery corrected to ?7 degrees (7 degrees of dorsiflexion) after treatment. In this study, the average degree of ankle equinus preoperatively was 60.4 degrees. Similarly, the average age at the time of index procedure 10.9 ± 1.3 years compared to 9.4 years in the previous study. At final follow up, the average degree of equinus in the compliant group of patients was 3 ± 3.7 degrees and in non-compliant patients 21.8 ± 10.3 degrees; this compares to 25 degrees (range 5-75) in the other study.
It is necessary to consider a number of limitations in this study. A potential source of bias is the small sample size. A randomized controlled clinical trial comparing an intervention technique with 11 versus 15 patients has limited external validity. We used nonparametric statistical tests to minimize the probability of false significant results due to the small sample size. Additionally, the postoperative results were compared using qualitative and quantitative analyses (recurrence, time to recurrence and degree of equinus at recurrence) to confirm a difference in the effect of compliance with the AFO.
Conclusion
We conclude that use of an AFO helps to decrease the risk and the degree of recurrence in such group of patients. Continuous use of AFO until skeletal maturity had a lower recurrence rate and smaller degree of equinus at recurrence compared to those with a limited period of AFO use after removal of Ilizarov external fixation. Close follow-up is needed and the possible need for further surgery needs to be explained to the patient and the family.
